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Claims 

1. A method for manufacturing an inkjet nozzle array, characterized by the following 
facts: in the process of manufacturing of an inkjet nozzle array with a (100) silicon substrate 
taken as a structural element, on one surface (12) of said (100) silicon substrate (1 1), a master 
pattern of an etching-resistant material is formed for forming said inkjet nozzle array by means 
of etching; a prescribed amount of etching is applied on said one surface (12) of said silicon 
substrate (11); then, an etching-resistant material is formed again on said one surface (12) of said 
silicon substrate (11), and etching-resistant material is not formed at least on the sites 
corresponding to the portions where said inkjet nozzle array is formed on the other surface (13) 
(of said silicon substrate (11); then, etching is performed for a prescribed amount on the other 
surface (13) of said silicon substrate (1 1). 
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2. A method for manufacturing an inkjet nozzle array, characterized by the following 
facts: in said manufacturing process of inkjet nozzle array, on one surface (22) of (100) silicon 
substrate (21), a master pattern of an etching-resistant material is formed for forming said inkjet 
nozzle array by etching; the etching-resistant material is not formed at least at the sites on the 
other surface (23) of said silicon substrate (21) corresponding to the portions where said inkjet 
nozzle array is formed; then, etching is performed for a prescribed amount on both surfaces of 
said silicon substrate (21). 

3. The method for manufacturing an inkjet nozzle array described in Claim 1 or 2, 
characterized by the fact that etching is performed as anisotropic etching using an alkaline 
solution. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention pertains to a method for manufacturing an inkjet nozzle array composed of 
multiple nozzles as injection ports of ink droplets for use in the head portion of an inkjet printer 
which performs printing by injecting ink droplets on a paper sheet or the like. 

[0002] 
Prior art 

For said inkjet nozzle array, various schemes using different types of materials and 
adopting different shapes have been developed and used in manufacturing. In the method 
described in Applied Physics Letters, Vol. 3 1, No. 2, 1977, pp. 135-137, nozzles are formed by 
means of anisotropic etching of a (100) silicon substrate as an inkjet nozzle array in an inverted 
pyramid shape surrounded by four (111) planes. This method has a good simplicity of the 
manufacturing process, and it has a high precision in shape due to anisotropic etching. 
Consequently, this method is the optimum for the inkjet printer head required for high-fineness 
printing. Figure 5 is a diagram illustrating the manufacturing process of said inkjet nozzle array. 
A master pattern of an etching-resistant material (usually silicon oxide film) corresponding to the 
inkjet nozzle array is formed on one surface (52) of (100) silicon substrate (51), while an 
etching-resistant material is formed on the entirety of the other surface (53). Then, etching is 
performed for a prescribed amount on silicon substrate (51) to form the inkjet nozzle array (each 
nozzle goes through the substrate). 
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[0003] 

Problems to be solved by the invention 

For the inkjet nozzle array formed on a (100) silicon substrate, as shown in Figure 6, an 
angle of 54.7° is formed between (111) plane (69) that forms the nozzle wall and (100) silicon 
substrate (63) as the surface of the silicon substrate. If the opening width of ink-ejecting port 
(61 1) is Wi, the opening width of ink-feeding port (614) is W2, and the thickness of the silicon 
substrate is t, there is the following relationship among them: 

[0004] 

[Mathematical formula 1] 

Wi = W1-/2 t (1) 

Here, as nozzles are set side-by-side with a prescribed pitch, if the design value of the 
pitch is not larger than W2, the neighboring nozzles would be overlapped with each other, and it 
is impossible to form them by etching. In other words, according to the above-listed equation, 
when nozzle's opening width Wi is constant, if the nozzle's pitch is to be reduced, that is, if the 
nozzle array is to have a higher density, thickness t of the silicon substrate has to be smaller. This 
is a problem. However, there is a limit in reducing the thickness of the silicon substrate. Also, 
when the silicon substrate is made thinner, the silicon substrate becomes prone to cracking, and 
there are problems in handling and degradation in yield. 

[0005] 

The purpose of this invention is to solve the aforementioned problems of the prior art by 
providing a type of high-density inkjet nozzle array using a (100) silicon substrate. 

[0006] 

Means to solve the problem 

This invention provides a method for manufacturing an inkjet nozzle array, characterized 
by the following facts: in the process of manufacturing an inkjet nozzle array with a (100) silicon 
substrate as a structural element, on one surface (12) of said (100) silicon substrate (1 1), a master 
pattern of an etching-resistant material is formed for forming said inkjet nozzle array by means 
of etching; a prescribed amount of etching is applied on said one surface (12) of said silicon 
substrate (11); then, an etching-resistant material is formed again on said one surface (12) of said 
silicon substrate (1 1), and etching-resistant material is not formed at least on the sites 
corresponding to the portions where said inkjet nozzle array is formed on said other surface (13); 
then, etching is performed for a prescribed amount on said other surface (13) of said silicon 
substrate (1 1). Also, in said manufacturing process of the inkjet nozzle array, on one surface (22) 
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of (100) silicon substrate (21), a master pattern of an etching-resistant material is formed for 
forming said inkjet nozzle array by etching; the etching-resistant material is not formed at least at 
the sites on other surface (23) of said silicon substrate (21) corresponding to the portions where 
said inkjet nozzle array is formed; then, etching is performed for a prescribed amount on both 
surfaces of said silicon substrate (21). Also, etching is performed as anisotropic etching using an 
alkaline solution. 

[0007] 

Application examples 
Application Example 1 

In the following, this invention will be explained in more detail with reference to 
application examples. Figure 1 is a diagram illustrating the manufacturing process of an inkjet 
nozzle array of this invention. First of all, the two (100)-plane surfaces of a silicon wafer are 
polished to mirror surface quality to form silicon substrate (1 1) with a thickness of 280 jim 
(Figure 1(a)). Said substrate (1 1) is subject to heat treatment at 1 100°C for 4 h in an atmosphere 
of O2 and water vapor so as to form 1 -jam-thick SiC>2 films (14), (15) on the two surfaces of said 
silicon substrate (11), respectively (Figure 1(b)). Said Si02 films are used as an etching-resistant 
material. On Si0 2 film (14) formed on one surface (12) of silicon substrate (1 1), photoresist 
pattern (16) is formed as shown in Figure 2, by mapping photoresist pattern (26). As far as the 
dimensions of the pattern shown in Figure 2 are concerned, each edge of square (26) 
corresponding to each inkjet nozzle is 80 \xm, and the distance between the centers of the 
neighboring squares, that is, the nozzle pitch, is 84.7 |im. 84.7 |iim corresponds to 300 dpi (dots 
per inch). After the photoresist is coated on the entire surface of SiC>2 film (15) formed on other 
surface (13), silicon substrate (1 1) is dipped in a hydrofluoric acid-based etching solution, so that 
only Si0 2 film (14) on one surface (12) is partially etched to form a pattern (Figure 1(c)). Then, 
using an alkaline solution, silicon on one surface (12) alone is etched. As the alkaline solution, 
20 wt% aqueous KOH solution at 70°C is used. In this case, the etching rate of (100) silicon 
plane is 0.8 |im/min. When etching is performed for 37 min 30 sec, etching with a depth of 30 
jam comes to an end (Figure 1(d)). Then, silicon substrate (1 1) is subject to heat treatment at 
1 100°C for 4 h in an atmosphere of O2 and water vapor to form a l-|am-thick Si0 2 film on the 
surface where etching recession (110) has been formed. SiC>2 film is originally formed on the 
portions of the surface other than the etching recession (110), and Si02 film with a total 
thickness of 1 jam or larger is formed on such portions (Figure 1(e)). Then, on SiC>2 film (15) 
formed on the other surface (13) of silicon substrate (1 1), by mapping of master pattern (27) 
shown in Figure 2, photoresist pattern (17) is formed as voids in the portion including the 
entirety of recession (110) formed as an inkjet nozzle by means of etching on one surface (12) in 
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the vertical direction for surfaces (12) and (13) of silicon substrate (1 1). The Si02 film on one 
surface (12) is protected with a photoresist, and, only for one surface (13), etching processing is 
performed for Si02 film using a hydrofluoric acid-based solution (Figure 1(f)). Then, for silicon 
of the other surface (13) of silicon substrate (11), said alkaline solution is used for etching in 5 h 
24 min. At an etching amount of 259 (im, etching of the silicon comes to an end. Finally, using 
the hydrofluoric acid-based etching solution, SiCh films (14) and (15) as the etching masks are 
removed (Figure 1(g)). In this application example, the inkjet nozzle is a square with edge of 
50 jam. According to equation (1), because the holes are squares with a size of 50 jam, thickness t 
of the wafer is 21 \xm as determined using the following equation. 

[Mathematical formula 2] 

t= (80-50) / iT2 =2 1 (2) 

If etching quantity di of other surface (13) is di = 280 - 21 = 259 (|im), inkjet nozzles 
with a hole size of 50 jam can be formed. For the inkjet nozzle array-forming portion in this 
application example, thickness of the silicon is 21 jim. For the other portion of silicon substrate 
(1 1), the initial thickness of 280 (am remains. By means of this portion, said inkjet nozzle array is 
supported. 

[0009] 

In the etching operation of said other surface (13), etching is performed for 259 jim. 
Halfway through this process, when etching of 240 |um is carried out, the etching surface of the 
other surface (13) reaches bottom (1 12) of etching recession (1 10) to form through-hole (1 1 1). 
Then, etching is further carried out to reach 259 |iim. As a result, it is possible to form the inkjet 
nozzle as a 50-|nm square as calculated using equation (2). For the 48 nozzles of the completed 
inkjet nozzle array, the dimensions of the holes are measured, and they are found to be 
distributed in the range of 48.3-51.5 jam, with an average value of 50.1 jam. That is, in this 
application example, it is possible to obtain an inkjet nozzle array of 50-|im-size inkjet nozzles 
with a nozzle pitch of 300 dpi. The obtained inkjet nozzle array is used assembled and used in a 
printing test. Good printing results are obtained. 

[0010] 

Application Example 2 

In the following, this invention will be explained in more detail with reference to 
Application Example 2. Figure 3 is a diagram illustrating the manufacturing process of an inkjet 
nozzle array of this invention. First of all, the two (100)-plane surfaces of a silicon wafer are 
polished to mirror surface quality to form silicon substrate (31) with thickness of 280 jam (Figure 



3(a)). Said substrate (31) is subject to heat treatment at 1 100°C for 4 h in an atmosphere of 0 2 
and water vapor so as to form l-|im-thick Si02 films (34), (35) on the two surfaces of said 
silicon substrate (31), respectively (Figure 3(b)). Then, in the same way as in Application 
Example 1, photoresist pattern (36) is formed on SiC>2 film (34) formed on one surface (32) of 
silicon substrate (3 1) by mapping photoresist pattern (26) as shown in Figure 2. The dimensions 
of the pattern are the same as those in Application Example 1. Then, on SiC>2 film (35) formed on 
other surface (33) of silicon substrate (31), by mapping of master pattern (27) shown in Figure 2, 
photoresist pattern (37) is formed as voids in the portion including the entirety of photoresist 
pattern (36) formed on SiC>2 film (34) in the vertical direction with respect to planes (32) and 
(33) of silicon substrate (31) (Figure 3(c)). Then, the entirety of silicon substrate (31) is dipped in 
a hydrofluoric acid-based etching solution to remove the SiC>2 film of the portion corresponding 
to the inkjet nozzle array (Figure 3(d)). 

[0011] 

Then, anisotropic etching of silicon is carried out using an alkaline solution. Just as in 
Application Example 1, 20 wt% aqueous KOH solution at 70°C is used as the alkaline solution. 
By dipping silicon substrate (31) in said alkaline solution, etching is performed for both surfaces. 

[0012] 

Figure 4 illustrates the state after etching for 30 min for one surface (32) of silicon 
substrate (3 1). Figure 4(a) is a cross-sectional view, and Figure 4(b) is its upper view. Halfway 
during etching of one surface (32), as shown in Figure 4(a), while (111) plane (49) with a very 
low etching rate appears, the area of (100) plane (48) gradually becomes smaller. In this 
application example, when the etching depth becomes 57 \im, (100) plane (48) disappears. In the 
stage shown in Figure 4, etching depth d 2 is d 2 = 30 x 0.8 = 24 |im, and (100) plane (48) has a 
square shape with size of 

[0013] 

[Numerical formula 3] 

80-24/2=46. 2 (urn) 

Also, Figure 3(e) illustrates the state after etching of silicon for 30 min. In this case, other 
surface (33) of silicon substrate (31) is also etched for a depth of 24 jam. Further continuous 
etching is carried out, and etching of silicon comes to an end after a total etching time of 5 h 
24 min. Finally, using a hydrofluoric acid-based etching solution, SiC>2 films (34) and (35) are 
removed as etching masks (Figure 3(f)). After etching for 5 h 24 min, the silicon is etched for 
259 jj,m, and thickness of the inkjet nozzle array portion of silicon substrate (31) becomes 21 jam. 



For the other portion of silicon substrate (3 1), a thickness of 280 jam is remains, and the inkjet 
nozzle array is supported with this portion. Etching of one surface (32) of silicon substrate (31) 
stops when the etching depth is 57 |am. On other surface (33), however, etching continues 
further, and it reaches etching recession (310) which becomes the inkjet nozzle array formed on 
one surface (32). As etching further progresses, through-hole (3 1 1) is formed on the bottom of 
etching recession (310), and the size of through-hole (311) becomes larger with progress in 
etching of other surface (33). In this application example, the size of the nozzle hole has a 50-|am 
square as the design value. After etching for the same said time as in Application Example 1, 
dimensions of the nozzle-injecting ports of the completed inkjet array composed of 48 nozzles 
are measured, and they are found to be distributed in the range of 51.3-53.8 jam, with an average 
value of 52.5 |um. That is, in this application example, it is possible to obtain an inkjet nozzle 
array of 52.5-|im-size inkjet nozzles with a nozzle pitch of 300 dpi. The obtained hole size is 
2.5 |im larger than the design value of 50 |um. This is because end portion (313) of through-hole 
(3 1 1) is gradually etched as the etching progresses, so that the hole size becomes larger. That is, 
in this application example, the size of the holes obtained is 

[0014] 

[Mathematical formula 4] 

Wi = Wi-/2 t (1) 

When 50-|im-square nozzles are in demand, the dimension of 80 jam for square (26) 
corresponding to each inkjet nozzle in Figure 2 is corrected by reducing 2.5 |im to 77.5 |im. In 
this way, it is possible to obtain 50-|am-square hole nozzles. As explained in the above, for the 
inkjet nozzles formed on (100) silicon substrate, when the nozzle hole size is constant, a 
thickness of the wafer cannot be reduced. Due to this restriction, there is a limit to increasing the 
density of the nozzles. However, in this application example, in order to obtain a constant nozzle 
hole size, the pattern corresponding to the inkjet nozzles can be made smaller. Consequently, it is 
possible to reduce the pitch correspondingly. The hole size may be obtained as desired according 
to the etching condition. Also, the obtained inkjet nozzle array is used assembled and used in a 
printing test. Good printing results are obtained. 

[0015] 

In the manufacturing process of the inkjet nozzle array described in Application 
Examples 1 and 2, there is no difficult point in the processing technology. The operation is quite 
simple. Consequently, as explained in the above, inkjet nozzle arrays can be obtained at a high 
precision and with a high yield. 



[0016] 

Effect of the invention 

As explained in the above, according to this invention, it is possible to use (100) silicon 
substrate to obtain a high-precision inkjet nozzle array. When such inkjet nozzle array is used in 
forming an inkjet head, it is possible to perform high-precision printing. 

Brief description of the figures 

Figure 1 is a diagram illustrating the manufacturing process of an inkjet nozzle array of 
this invention. 

Figure 2 is a diagram illustrating the mask pattern for forming the inkjet nozzle array by 
etching. 

Figure 3 is a diagram illustrating the manufacturing process of the inkjet nozzle array of 
this invention. 

Figure 4 includes a cross-sectional view and an upper view of the inkjet nozzle array in 
the manufacturing process of the inkjet nozzle array of this invention. 

Figure 5 is a diagram illustrating the conventional manufacturing process of the inkjet 
nozzle array. 

Figure 6 is a diagram illustrating the dimensions of the inkjet nozzle array on (100) 
silicon substrate. 

Explanation of symbols 
11,31,51 Silicon substrate 

12, 32, 52 One surface of silicon substrate 

13, 33, 53, 63 Other surface of silicon substrate 
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313 



26, 27 
36,37 
48 



49, 69 
110,310 
111, 311 
112 



14, 15, 34 
35, 54, 55 



Si0 2 film 
Si0 2 film 

Photomask pattern 
Photoresist pattern 
(100) Plane 
(111) Plane 
Etching recession 
Through-hole 

Bottom of etching recession 
End portion of through-hole 
Ink-injecting port 
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Key: 11 
12 
13 
14 
15 



Ink-feeding port 
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One surface of silicon substrate 

Other surface of silicon substrate 
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ABSTRACT: 

PURPOSE: To obtain densely packed ink jet nozzles by using a silicon 
substrate. 

CONSTITUTION: A photoregist pattern 16 is formed on an SiO<SB>2</SB> 
film 14 

formed on one surface 12 of a silicon substrate 11. After applying a 
photoregist over the entire surface of a SiO<SB>2</SB> film 15 formed 
on the 

other surface 13, only the SiO<SB>2</SB> film 14 on the one surface 12 

is t . 

etched partly and patterned. Next, the silicon layer of the one 
surface 12 

only is etched. After that, a photoregist pattern is formed on the 
SiO<SB>2</SB> film 15 formed on the other surface 13 of the silicon 
substrate 

11 so that a part enveloping the entire recessed part 110 which becomes 
an ink 

jet nozzle is hollow, while the SiO<SB>2</SB> film formed on the one 
surface 12 

is protected using a photoregist, and the SiO<SB>2</SB> film on the 
other 

surface 13 only is etched. In addition, the. silicon layer on the other 
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surface 

13 of the substrate 11 is etched and finally the SiO<SB>2</SB> films 

14, 15 

which are an etching mask are removed. 
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^ms^rtmw^r^: mjsitt uai ig> j : ^naww: >f>»^xy 

[0 007] h y X;KE>ft&©Kf ffifc 50^^D>^tLTV>^. 

herm mmmi ; $KT\z*mi<Dmm\z&-jm <n acfco^g^so^^n^t-r^^ic^ s 

X;I^OSitXg0T*£ o £?» (1 0 0) fB^ffiCD^ [0 0 0 8] 

^>U3>SS1 l£JBj£L (HI (a) ) , m&fiil t = (80-50) //"2 =2 1 (2) 

ifco 2 jkrf*mfaMm%L*'v&&i 100s, 2 u^p>?*-&, w*>. won 3<dx.^>!/ 
(Dm&m&mL, tsr>yn>g«i icoMffii-i?^i^ i0 fidi £di =280-21=259 c^o» tr 

^DXOSiOi I14Stfl5SMU (01 tl«> ftg5 O5*D>0W >99^Y/XMf»A 

(b) ) . sjibs ioj gstt, mxy^y^ftttLxm x^z. *nmvirnp>nrz't>>7z?*yh;x)mm 

flTT^fcOT**, ">Un>Ml lCD-#<Dffil 2_h ^gS0->U3>©^«2 l^D>T?*5j&t, ->U3 

fcJgj&£n&S i0 2 Kl4±fc. 02K*?\k5fc:7 >£fcl l<D*ft&ft<D&ft\*%W<D2 8 0*9uy<D 

* WX9K9—>2 6£te^bfc7*Fl^X VK9 ff*#SoT&0. CO«»t±0|(HB^>ir^xy h 

v j X)wzte%Tz>jEijm2 6«-a^8 o^^n> [0009] tamcom^omi 3©i^f>ifigT 

X. B£3lE;fr»0*i&BIBB* fip-fe/X^tfy^ttS te, 2 5 9 ^n><Dx^>^£fToT^5^ 

4. 7^n>T*£. 84. 7S^p>tt, 3 0 0d o 2 4 o ^ ^ n>*Tx^^>^U^aiKTffi^W l 

pi (Fy h^>« fcffls^rso tt^coffii 3± a> 3<©x-/^>^ffitt > x^^>^iHia8i i o©&ai i 

tcggtu -^(omi 2±cds iOa Ri4<D*£g&# <fco, (2) ^ckofhgsn**?!;:* 505^d>a 

ttfcx*y>£f* /i^->Jdx-T5 (Hi (c) ) o o-f^^^x^hyX^^jS-T^^t^^^, 

V>T* 7)VlJi)m*m^T—-fivmi 2©^>U3>W LH>??xy h/X;V^U8 3(D/XJWC^v-c 

Xyf^.iffcfr^fc. TJMfURfcl/r, &&7 OBKD K&^m&mfeLrctZ.*. 4 8. 3*65 1. 5^9 

2 0fi&%KOH*&S££/BK ^0i^>U3>O D>IC»*LT* 0. ^V^&ffiZS 0. H^U>^ 

(10 0) 0^X^>^l/-h««#O. 8*9U> SPS, *^ffiWfc^^T> ;X*lf9W0 

X$>2> 9 Xy3 L >tfV$ffl&3 7#3 0»tU X^> Odpit?W7X;H5O^^D>0>f>^^x7h 
^823 0^^D>lcT-fiX^^>^«7*r« (0 50 /X)W\*ftZ>Z.£ifiXZTc. ZLOM >9V* y K/X 

1 (d) ) * #V>T, vUn>g«l l£Oi&tf*3S ;^J^>^^x^h^^HlCffl^^BJ^K»Sffo 

^sh&ttjsei i o om, mm(omm^m\ ithz.^ m^w^m^nr^o 

Xy^>9B^l 1 0 Z>M\Z 1 D >0D S i [0 0 10] ^J60U2 ; JKTJC*%^CD^2 05gJS03l£ 

O, R£^/£Lfc 0 X^5 1 >^IHI»1 1 0£JWT*B ^##«B»CSiW*r^o H3t#»Wfc:mt*-f >£V 

K^cwctefctfcts iOi mmjtfetiT*x). z. x.y b / xjmcom&xnmx&z* s-r (ioo) i 

n*><Dffift\z\tmMxi *9u>&>±<ds i o a m&m *e©->U3>>>xA(z>pss^aiffiw«i^ @^2 8o 

i&3n<5 (01 (e) ) « ^U3>S«1 l<Dm ^^D>0j/U3>Sfi3 1» (03 (a) ) VTc 

Jj<dwi 3±\zM&t<nits id mis\z, ^un> &\z, mm&3i\zoi Rv*m% t nm&*rm&i 1 

S«l lCDffil 2RTfl 3\ZMV. ^*^fRj^^T— 0 0S> 4ftm<D&Mm&mU ^U3>S«3 105K 
^©ffil 2±(Z>X^^>^lrctt)^^nfc-f >9Vzl 40 II:n^D>©SiOi R34Rtf3 5$Mlfc 

*y vjX)vttiz>wm i o^#*fi^r§ffl»^ft«- (03 (b) ) . ^mmi tnm\z^)u>^m \v> 

TWct5^7tb^Xh/^->17SB2©7t -Jj<DW3 2±R3P*atl&S i 0 2 K34±(C02(C 

hVXi7/1^->2 7 0C9fc,fcD#j£U -*©Bfl ^*r±3^7^- hTX^y^->2 6*C9b&7*h 

2±C0S lOa Ktt7th^Xh=&fflViTSaU ffi l/^X h/t^>3 6 ^Mlfco II 

*©I13WcW:S i Oi B©7y8Slyf>^ JS«l<D«^t^-^*^ 0 ^V>T> ^>Un>Sfi3 1 

»fC<tSX^^>^JflXSJ6bfc (01 (f) ) o Offi^OBI3 3±(OS iOi R3 5IC, ^Un>Sfi3 

l9^©T;P*UXy5 1 >^^ffl^T>'U3>*« 1<D® 3 2&«3 3IC^L^a*[fiJ*^l,TS i O2 m 

1 3 0^Un>Xry5 1 >^5^m2 4 3 4£fl^3ttfc7* hk^X h/^->3 6^&S 

#frK 2 5 9 ^^D>ox^^>^»cT^Un>cD ^Z&mmiX^Z&oU?* buy* VK9-> 

Xy^>#&&Tl,. mtlZyyWl&Xy?>#mzl: 50 3 7 02O!)7^ hVX^/1^->2 7Cr>£¥fccfcD 
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(4) 



®ffl¥4 - 3 1 2 8 5 3 



5 



6 



MI8.L (03 (c) ) . ^^T->U3>a«3 mm&5 O3^n>t?*-50IC»L^g^ft*«2. 55 

I:ffi3t5»»©s 1 O. (03 3 1 3*tX-y^>^©itffi:*tC«s^tX->5 1 >^$ 



[0 0 12] 04tt->U3>gfi3 1©-#©B53 2© iff ^n^wyX^SSfMf-S^tCtt. 02 JCfcttS'f 

Xy?>if3 O»iBjgS©«?S*-r0-C»O> 04 >^^xyh/X;KC«a-r-5IE*^2 6©^-i*8 0 5 

(a) tt8rffi0. 04 (b) «±M0T?*§. — #©M fn>«2. 55^D>/h5<J|iEU 7 7. 53^D 

3 2©I 2 >^>^ai&tt , ©||Wrm. 04 (a) tCSf >frSdtT5 0 5^D>^©^g©yXJV*#S^ 

JcSKxy^i^-l^SSSlcg^ (1 11) S49 t*t^S. Mi!&Lfc<i:?fc. (1 0 0) ->U3>£« 

a*msii>fca*6 (ioo) ffi4 8©ffi«*t*^ic/h3< sffl^&'f ^i^iy hyx;raa, yxjvft&s-jg 

ft5T<W **J8«fC*V»Ttt (10 0) S4 8*t i:-r-5«-&»Ctt«^*»<T?#&^i:^5ffllEA^» / 

iB^-rs©ttX<y?>^a!S**5 7 3^0>t!a:-Dfct X)V©iS««fcKt4l8IWl*o&. Lrt>U **J6«SJT 

ST?**. 04©a»T«» Xy^>{fm^d,\td, tt, -5t©/X;^S*#-5fc»tC-f »J>i? hyx 

= 30X0. 8 = 24 (59D» T7»l), (100) JHrffi3-r-5^^->*/h$<-r5dt**T?€-5fc6, 

flH8tt-TH a? ^©»fc*^JRfc:ry?fl:-rs::i:*»nltgTafe5. ^gic-^ 

10 0 13] UTtt, Xy^>^©^WC«tO*SieSffi3tlC#5^ 

[»3] 80-24^2=46. 2 (jim) t*«T?#-5. X> £©-f >^^x-y b/X^JS-f 

©iE^-?*-5. X, 03 (e) %^)^>Xv^->if >>xs/ Fa? H»Cffl*2>^W^it»&ff 

©3 otfgja&fc^LT^s. £©£#> ^un>s« &#&w?at#sn;fc. 

3 l©ffi#©ffi3 3feR«IC2 4 5^D>g|$ICX2;9 1 [0 0 15] SSffimRtf 2T3$^fc^>?v'xy by 

Xy^>^RfW5«rlB2 4»ICT>''Jn>©Xy^>y -p. I»T*I&Ig-e»0. ftoTii9i£©<fc5fc,gSI$ 
irrXZ-CtoZS 1 0> K3 4fe±CX3 5*l«fSUfc [0 0 16] 

(03 (f) ) . 5«f(W2 4^©Xy5 1 >^>iJn> 50 [^W©^*] ^ji^ci^l^fgWlC^ntf, (1 

\t2 5 9S.i;n>Xy^>{f^tU ^'J3>S«3 1© 0 0) v'U 3 >S«*fflVi&iS!SS©'f >£$>xy hS 

4>9i>*yYJX)Vm&ft<om*XS.2lS.>?U>t.ts. X;^JS#-5^t*«T$, C0j:5ft'f>i'yi-yF/ 

^>TV>5«J, ">»Jrj>»«3 l©ffi©U»«2 8 0 3^ X;W»J*)iilr>&-f >*5>X5/ h'V.y HtCJ: 0> iSSflSfc 

©&#£<£ o ^nr lis. -> u n >s« 3 1 ©-# . [0w©iS¥&iHW] 

«)13 2©l»/f^tt, X 5 '5 1 >^I!S$5 7 S : 5'D> [01] #£9j0>-f >^xs/ h y X^JoKitlg 

ifcofct^-e^jt-rsat, te#©ffi3 3TIJ, S£ 0. 

ICX>y?>^iifTLT-*©®3 2IC^$tlfc'f> [02] -1 zSxy b/X)m$:Xy?>>f\Z&r)m 

!?i>a:yb;X)VM£1iZXy?>>fW&3 1 0 fcSJit J^rs&J6©VX^/t^->0. 
U $5»CX^?>^*tiiff-t5i : x.yg : ->^|H883 1 40 [03] *8IJU©'f v>x y hyx^JcSSStig 

0 ©JSfcMS^ 3 1 1 iflSiC* fiffiA 3 1 1 ©*25*tt 0. 

«©ffi3 3<DXy?>>fO)mft£mz±Z<ttZ>. # [04] *3S9H©-r yiy h y x;i/#i©$«gxgi:: 
^ffiWTtt. / X)V^<D±^ 3tl/T503^n>ftS 5. -< i?x *> V / X;^J©»rffi0Rr;±M0. 

WtWrmtVT&i), 1 t|^-©tJiSL&^IW©x [05] fiE3fe©>f >^^x-y h/X^WKitl^. 

y3->>r*ft-Ditifi. 5mx>it^>v~??.*jYmv>jx [06] (ioo) ^un^^sir^tt^-f^^x^ 

MtttiPC'tffitt. 4 83©yX;J/€:ffl^lxT5 1. 3 hyx;i^j©^mwft£;K-t0. 
*5 5 3. 85^n>©MIC^U -£©¥19tttt5 [^©SiWl 

2. 55^D>T^&. IPS, **SSWIC*V>T. y 11, 3 1, 5 1 =>'J3>&« 

XJI/tfy^jOO OOdp iT»^yX;VS5 2. 5 3£ 1 2, 3 2, 5 2 ~>U 3>3£K©-*©ffi 

D>©< yZV^y h;X)VM*®2>Z.£t>r?g1t. IS 50 1 3, 3 3, 5 3. 6 3 y'j3>lfi©ffl*ffll 



(d) ) . 



[0 0 14] 
[*4] 

Wi = W»-/"2 t (1) 



[0 0 11] mz. 7;U*U»tlcJ:5>'Un>©^tt 
x?/5 1 >^ffofc. &66W1 t^fcT^uaetu 

T, «ft7 0S©2 0aSSKKOH*S«Sffl^&. v" 
U3>g«3 l£l9l27^*U«lcSa-r5t, Mffi* 

»cxy^>^*tjiffr-5. 
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26, 27 

36, 37 
48 

49, 69 
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